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HYBRID COMBINED CYCLE POWER GENERATION FACILITY 

Inventors: Paul Steinway 
BACKGROUND OF THE INVENTION 

■p\^\A nfthft Invention 

5 Thepresen.mventioarela.esge„e«l.y«asy».emforprodudngal.en.ati„gcu„e„.electtic 
energy. More specmca..y. *e iavenUon describe, a hybrid combined cycle power generaUon 

facility. 

nf^Qpri ptinn of t Hft Prior Art 
The production of al^mating current eleOric energy is mos, fre,uenUy accomplished by 
,0 convertingUrennalenergy.mechanicalenergyU.ati,«renused.oro..e,hemagne«cfre.dofan 

lecric ierator. Comnronly used Urermal energy sources include fossi, fuel combustion an 

ednuclearreacUons. Contiollednuc.earreactionsandti>ecombustionoffossil.els„e.^^ 
:p.ducehighpressure,high.empera.ures«amti.a.drive,s.eam«rrbinesT1roses.eamti*m« 

rtirrn.convltheenergyof.hehi^pressure,Mgh.empera»res.eam.shaftborsepo.eran^^ 

15 so doing reiec. or was., a grea. deal of *e ti>erma, energy which enters tire steam Mrtme 
Lver!ioneffrcienciesofmoderns.eamti.rbinesare«2S.32%.T.us.alargeamo^^^^^ 
rehea.energygenera.eda.*ecombus.ions.geiswas«dra«rer*a„beingconver.ed.oelecti,c 

!:^;sJL.eele«ricgenerationfacilitiesarerelative,expensive.buildand_ 
■ Lge— ofwa.erforcoolingpurposes.However,oneadvanUSe»suchs.eam»r^— 
20 is L tirey have tire ability to bum low cost solid ftrels such as coal or h,owas.e. U—.^. 
11 turJine facilities that uti.i.e such low cos. ftrels often produce large amounts of undes.rable 
prlandti.ereforere,u.ecostlypol,utio„cont.,.echnology«>aba.eharm.l,ha^do^^^^ 
unlawtUlemissions..nadditionsnchfaciUties.ypicallyre,uireadditionalperm.ts.overandabove 

the Standard permits, for operation. 

PossiLelcombustionwititinintemalcombustionenginesproducesthermaiene^mme 

fonnofhightemperatirrchighpressureairwhichisconvertedtoshafthorsepowe. Much „.e 
L .rbles, internal combustion engines waste most of the ti,e.ma. energy released by th 
Ihnstion process. Different int^nal combustion technologies, e.g.. combustion tinbrnes or 
r^catingengines.havedi.erent,hermalenergyutih.tioncharactetistics.b.^^^^^ 

30 emLciesof in.ema,combustionenginesseidome.ceed W,. -^--^^^^^^^ 
technology, however, modem combustion titrbine facilities are less expensrve to buUd. 
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wa«r have better conversic effloiendas and are capable of lower pollution emission ra.es tan 
steam' mrbine facilities. However, combustion mrbines usuaUy require higber cos. liqurd and 
gaseous fuels, sucb as refined oil producte or namral gas. 

A majority of to thermal energy released during the combustion process in turbmes .s 
was,edinti.efo,mofhotexhaustgases.I.ispossibletoimprove,heoverallconversionefncienc.es 

of these nrrbines by capmring a portion of the thermal energy present in the combustion nrtme 
exhaustflow.Heatrecovery devices located inthe hot exhans.flowoanbeused«.p.oduce steam 

tirat is directed toaconventionalsteamturbineusedtogenerateadditionalelectricenergy.Theuse 

ofcombustionn.rbineswithexhaustrecove^devicesanddownstieamsteamnrf=inesisreferred« 

as "combined cycle- technology. Modem combined cycle power generation facilities are capable 

of conversion efficiencies in excess of 50% with some developing technologies neanng tire 60/. 

threshold. ^ ^ 

Therearetwobasicorftmdamentaltypesofcombustionmrbinesavailableforusempower 

generation facilities: industtial tirrbta^ and aerodeny?tive turbines. Industiial turbines are very 
Ibus. machines designed to provide highly reliable service in ground based operations drrvmg 
machinery such as compressors, pumps and electric generators. IndusMal hrrbines tend to be very 
largeandoffergoodsteady-stateoperatingcharaceristicsbutexhibitlimitedtoleranceorfrequent 

start/stop cycles, which subject tire massive «rbine to rapid Urerma. cycles. Typically, mdustiy 
designreciuirementsforindustiialnarbinesemphasizehightemperamreandhighloadtolerancefor 

0 extended periods of time witi, secondary consideration for over^l weight. One drawback of 
industrial tiuhines is tirat their large size and heavy weigh, necessitate in situ disassembJiand re- 
assembly which results in extended out^es for routine maintenance. Aeroderivative nrrbmes, on 
to other hand, are often charaaerized by cutting edge t^hnology to maximize power-to-we.ght 
ratios ,uicks«rtingtimes.highfuel efficiency andhighstart/s»pcyc.e.olerance,aUofwh.ch are 

,5 hnpomn. features since this type of «*ine is most often used in aircraft propulsion s,.|em. 
' Materialsandcomponentsdesigninaircr^«rbh,esemphasi.ehighstiengthandlowwe,ght„,^ 

secondary consideration for long term componen. life. Because toy are lightwergh. and small 
aeroderivativenrrbinesareeasilyremovedandrepairedoffsitewhenroutinerepairorrefurbtshmen. 

is required When removed, to h-thine is quickly and easily replaced by a spare turbme titus 
30 reducingproductionoutagesforroutinemaintenance. However, one drawback to aerodenvatrve 
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u^bine. in relation «. indusrial mrbine. i. U>a. aircraft «rbine technology U more expensive and 
less robust than industrial turbine technology. 

Both industtial and airctaft turbtoe technologies are used in tnodem electnc energy 
. generating faciliUes described above. Both technologies canbe found in .implecycle. con,bust,on 
5'u.rbmegenera.orfaciU.iesandincon,binedcyclepowergeneraUonfacili.iesumizingco«bust,on 

! turbines exhaust heat recovery and stean, hubines. Stean. and gas CSTAG.) conrbn.ed cycle 
' ,y.tems are well Itnown in the industry. These systems typically comprise gas turb.nes, steam 

turbines, generators and heat recovery steam generators ("HRSG-). In any even^ these pnor at, 
power generationfacili.ieshavelimitedtheuseofcombustion.rbines.o^industnaltutb,nes 

10 or aircraft turbines, but not both. 

,t would therefore be desirable to have a power generation facility that has the advantages 

„, both an industrial tud,ine, namely low pollution emissions levels, low capital cost, supenor 
thermal efflciencie.,androbustconst,uction,andanaeroderiva,ive..bine,namelyraptdre,ponse 

„ varied production levels with high thennal efficiencies and quick maintenance turn arounds. 

SUMMARY OF THE INVENTION 
The present invention relates to a system and facility for generating alternating current 
electric power in which a hybrid, combined cycle power generation facility is provided, includmg 
„ leas, one industrial gas tutbine. at least one aeroderivaUve gas tutbine. Such a fachty resets m 
,„„er costs of construction and capital expense and lower costs of production as compared to a 
20 combinedcyc,efacili.yusingonlyaeroderivativeUrrbh>es.Shnilarly.thepresentinv»,tionresu,ts 
rfacUityLhasfasterandlowercoststart/stopcapabilitiesandbetterpanloadfuelefrtcenctes 

tiian combined facilities using only industrial turbines. , .^k An 

Inatypical configuration, atleast one aeroderivative ("AD") mrbine.sprov.ded. The AD 

turbine powers a suitable generator and may fUrtiter provide heated exhaust gas «> a heat recove^ 
25 steamgenerator.whichm«.mfeedshi^pressure.hi^temperati.restean,toasteamti.rb.ne.Tl. 
steamLbinealsopowersageneratorByusinganADUnbincthepowersyst^maybebrough. 

online quickly to begin producing power. The HSRO recovers heat from the exhaust gas of ti.e 
line and uL ti,e heat to gene^te steam to power the stean, ti.rbine. h. ti.is way, ti,e emcency 

ofthe system may be greatly increased. 

Thesysten.alsoincludesa.leasto„eindustrialgas(".G")h,rbine.ThelGturbmetyp,caUy 

takes longer,. spinupandbebroughtonline,however,oncein operation, itis generally capableof 
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Wgherand,nores.ablecu.pu.to„a.AI.«*iae.A,wi*U>eAD*.rbine,*elG«rtmehasaa 

as.ocU.edHRSOmth™odynamiccommunicationmerewiU,«.rec»verh.a.fiomte^ 

of U>e carbine «> generate steam for a «=am genera«=r The IG mrbine also powers a surmble 

*°°''^'°ftemSG'seachcfwUehis associated wi*eiteanIGorADturbme,meheatedexta^^ 
gas tomtowrbmeswgenem.es.ean>. This Steam is a,enfed«,*esteam«rbines,whichmb.m 

power additional genera.ors. This creates a much more efficien. sy«em d,a. .sing gas mrbmes 
alone Additionally>eHSRGsmayincludes„pplemenUryfninge<,uipmen.«>produceaddmonal 

high pressure, high temperamre steam and offer additional operational flexib,h.y. 

The advanuge of tire sys.em of tire presen. invention over tire prior ar, systems rs tira. .< 
draws ontirebenefrrs of each we of n«bi«e mentioned herein, while diminishing tire drawbacks 

associated witi,eaoh.ypeofh.rbine.Forexample.tireAD.urbineisable.obeginproducingpower 
inarelatively shor.amoun,of time. Therefore, itcanbeusedU. provide power ,uid.ly when tire 
system is initially sorted. whileti>ebiggerIGh.rbineands.eamnnbine are brough.on-lme.Boti, 
5 *elOti.ti,ineandti,es.eammrbinearecapab,eofproducingagreaterpowerou.puUowever,as 
compared.otireADU„bine.Thus,oncespunup,tireIG«..binesandsteam«rtinescanbeuBl.^ 
forasubs^ntialportionoftireon-goingpowerproductionsystemTheADmrbinemayalsobeused 

inrermitteotiy, for ins^nce. during peak load peHods. In titis way, tire IG and stea» tirrbmes may 
beoperatedforlongerperiodsoftimewitirou.ti,eneedtevaryou.putTheADn.binemaybeused 

,0 intermlnentiy te P«.vide addi.iona. power as necessary. When included in tire systi^ desrgn 
supplemenury firing in tire HRSGs provides smooti. load tiansitions while sorting and s.opprng 
boti.ADand.G«.bines.Supplemen.aryr.ringalsocanbeusedteprod«ceaddi<ionalhighpressu.e 

.team for additional steam turbine generator output Operation witi. Ml supplementary frrmg rs 
reserved for peaking conditions when tire resulting decrease in tirermal efficiency is secondary to 

25 maximum capacity production. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 shows a typical prior art ir^dustrial turbine, combined cycle power generation 

facilitv 

Figure2isaschematicofatypicalpriorartaeroderivative,combinedcyclepower generation 

30 facility. 
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Figure 3 is a schematic of a combined cycle power generation system of the present 
invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

As shown in Figs, land 2, a typical power generation facility may include an industrial 
5 turbine, a heat recovery boiler or steam generator, and a steam turbine or may include an 
aeroderivative turbine, an HRSG and a steam turbine. Each facility has certain, previously 
enumerated advantages and disadvantages, however, the present invention includes many of the 
advantages and overcomes many of the disadvantages of the prior art systems. 

Fig. 3 shows a schematic of a system of the present invention. While those skilled in the are 
1 0 will understand that any number of turbines can be utilized, a first industrial gas tuibine is provided 
for turning or driving a first generator. The IG turbine may be any suitable turbme, but is preferably 
General Electric Frame 7 EA or Frame 7 F. A fuel system provides the IG turbine with a suitable 
fuelforcombustion, such as natural gasorrefmedoil products. Theexhaust gas from thelGtuibine 

are fed via suitable conduit or duct to a first HRSG unit. 
15 A second, aeroderivative turbine is provided for turning or driving a second generator. 

Again, itisthecombination of an aeroderivativeturbinewith an industrial turbinethat is uniqueand 

those skilled in the art will understand that any number of turbines can be utilized. The fuel system 
provides a suitable fuel supply for the AD turbine. Typically, the AG turbine bums natural gas or 
refmed oil products. Exhaust gas from the AD tuibine is passed via suitable conduit or duct to a 
20 second HSRG unit. In a preferred embodiment, the AD turbme is a General Electric LM6000 

aeroderivative turbine. 

The system of the mvention preferably includes at least one HRSG. In one embodiment, an 
HRSG is provided for each gas turbine, however, it should be understood that multiple gas turbines 
may be exhausted into a single HRSG. The HRSG units convert the excess, unused energy (in the 
25 form of heat and unbumed fuel) from the gas turbines into high pressure, high temperature steam, 
^ which may be used to drive a steam tuibine. This greatly increases the efficiency of the system. In 
a preferred embodiment, the HSRG's may have supplementary firing equipment installed therein. 
This additional equipment typically includes burners which further aid in heating and pressurizing 
steam for the steam turbines. The burners may be fueled, for instance, with natural gas or refmed 
30 oil products or may use other fuels such as heavy oil or coal. The use of supplementary firing 
equipment may increase the output of the steam turbines by as much as 100% and may increase the 
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overall system output by 30%. A water supply system provides water to the HRSG's for the 
production of steam. Preferably, the water supply system provides demineralized water. 

In an alternative embodiment, the HRSGs may be unfired or lack supplementary firing 
equipment. This may decrease capital and maintenance costs. In this configuration, the HRSG 
5 merelytransfersheatfromthehotturbineexhaustgastowaterorsteamviaconvectiveheattransfer. 

The steam produced in the HRSG units is passed, via suitable duct or conduit, to a steam 
turbine. The steam turbine drives or turns a third generator. Any number of steam turbines may be 
used, depending, for instance, on the number of gas turbines and HRSG units in the system. 

In operation, the present system provides an aeroderivative turbine which may be put into 
10 service or brought online in a relatively short amount of time. This allows the system to generate 
electric power, albeit at a somewhat decreased capacity, shortly after the system is started. The 
exhaust from the AD turbine is ducted to an HRSG to begin steam production for the steam turbine. 
Sinceatypical steam turbineoperatingonsteam produced in partusingwaste gas from anIGturbine 

cannot begin to operate until the IG turbine is spun up, the system of the invention also permits use 
of the steam turbine at an earlier stage of the power production process, as compared to the prior art 
systems. The system preferably includes suitable monitoring and control equipment to determine 
when the HRSGs are producing sufficient steam to start the steam turbines. Until that time, the 
steam generated is trapped within the HRSG or vented to atmosphere. At the same time the AD 
turbine is started, an industrialgas turbineis also started. Theserelatively biggerlGturbines require 
a longer time to reach proper operating conditions, as compared to the AD turbines. However, once 
these IG turbine begins to generate power, their power output can greatly exceed that of the AD 
turbine. TheexhaustfromthelGturbineisalsoductedtoacorrespondingHRSGto further provide 

steam to power the steam turbine. Once the HRSGs are producing sufficient steam, the steam 

turbine may be brought online. 

Depending on the level of power output required by the system at any given time, the AD 
turbine may be shutdown after the IG turbine and/or the steam turbine are online. Preferably, the 
AD turbine is used to provide relatively quick power output when the system is first started, such 
as after a maintenance shutdown, during initial system startup, or as required to produce daily peak 
output to follow typical electric consumer use profiles. In this way, the IG and steam turbines may 
be operated in a relatively long term capacity and at near constant output level(s). This decreases 
wearandsubsequentmaintenanceintervalswithregardtotheseturbines. The AD turbine may then 
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beused«,providevariaMeaddi.icnalpo«e,wheadema«do.fl,es,s,cmisMghTheAD.arb^^^^ 
.a,a.sobe.efto„.U,eduring.hu«.o„„ofU.eIG«.rbi„etaorder«.keep.heHRSGs.a..a.of 

hot stand by for enhanced system start/Slop cycling duty capabihnes. 

Thusthesys.emofthepresentmventionisunt<f,elysuited«.p«.v,deade,uatepowerdunng 

high or peak'power demand, but does no. generate excess power during low demand periods^ By 
IgADnubinesU,boos.systen,outpu.duringthepea.periods,the,argerIOandsteamn„mes 

do nlre^uireundesirableflucUrationoftheiroutputlevelsTHsnear constant stableoutput.^^^ 
maintenance and lowering expenses associated therewith. 


